Purpose/objectives: The aim of this study is to present a modification of the structure of the pharmacology educational experience for dental students as a result of the early introduction of a pharmacology course into the pre-professional curriculum. Methods: Three courses of professional dental pharmacology were modified before and/or after delivery by developing general course learning outcomes, lecture-by-lecture learning outcomes and theme mapping to align topics taught within these courses and with those taught in the pre-professional dental program. Results: Final proposals for three professional dental pharmacology courses, which are distributed over three professional years, were prepared based on teaching experience and theme mapping. Topics were added, deleted, transferred from one course to another to afford courses that are fully aligned, relatively comprehensive, longitudinal, with focus on topics relevant to the dental practice without redundancy. In addition, the design of these courses took into consideration the level of coverage of the preprofessional dental pharmacology course. Conclusions: This longitudinal inclusion of pharmacology courses form the second pre-professional year to the third professional year is expected to improve dental students' pharmacology education experience. Although the last of these courses is a pharmacotherapeutic course, more courses with clinically oriented therapeutic approach are recommended. & 2017 King Saud bin AbdulAziz University for Health Sciences. Production and Hosting by Elsevier B.V. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction
Pharmacology is an interdisciplinary science that requires the integration of physiology, pathophysiology and biochemistry and studies drugs actions on biological targets. Pharmacology course(s) is(are) indispensable in any health profession education curriculum, including dentistry, as sufficient coverage of pharmacology is necessary to enable student to assess benefits and potential risks of drug administration, drug interactions and individual variability in drug responses in relevant clinical settings. 2 Furthermore, designing and delivering an up-to-date pharmacology curriculum is crucial for building students' competencies as they graduate to work in a dynamic and evolving clinical practice. 3 Pharmacology courses are usually offered in the second or the third year of study and usually cover both, basic and clinical aspects of drug use despite the fact that there is a growing number of educators calling for integration of pharmacology courses into health professions curricula at all levels. 4 In dental programs curricula, pharmacology courses are usually designed to cover the basic principles of pharmacology with lectures on specific drug classes with discussion of their importance to the dental practice. 5 The ultimate objectives of these courses are to provide dental students with knowledge of essential aspects of pharmacology such as; the principles of pharmacokinetics, pharmacodynamics, and role of different drug groups in disease treatment. Additionally, some courses introduce the student to drug related regulations, drug approval processes as well as prescription writing protocols. 5 But is the timing and duration of pharmacology courses in dental curricula optimum? In this regards, dental students have stated that they had no knowledge of pharmacology before reaching the second year of the dental curriculum. 6, 7 Moreover, a collection of students' feedback, reported by Badyal et al. revealed that more than half of the students felt that the duration allocated for pharmacology courses was not sufficient to cover the intended syllabus. 8 A similar conclusion was reported in a more recent study by Sekhri which found that dental students believe that a one yearcourse was not adequate for completing the pharmacology syllabus. These reports question the effectiveness of the current practice in pharmacology education 6 and suggest that a curriculum reform might be needed. 7 The College of Dentistry (COD) at King Saud Bin Abdulaziz University for Health Sciences (KSAU-HS) offers a six-year Doctor of Dental Medicine (D.M.D.) program followed by an additional year of internship. The first two years of the dental program are the preprofessional phase of the curriculum, which is delivered by the College of Science and Health professions (COSHP) at KSAU-HS. In the academic year 2010/2011, the first batch of undergraduate pre-professional dental students was admitted to the College of Science and Health Professions (COSHP) at KSAU-HS. All pre-professional courses must be completed prior to the trasnfer to the professional dental program. The next four years are the professional phase of the curriculum. A special feature of the health professions curricula at KSAU-HS is the incorporation of a pharmacology course in the Pre-Professional phase. This course (PDNT213) is a 3 credit hour course that was designed to present pre-dental students with an overview of major pharmacology topics The topics covered in this course are detailed in Table 1 . A challenge that is faced due to the implementation of such course is alignment of its learning outcomes with learning outcomes of the professional phase pharmacology courses and the learning outcomes of the D. M.D. program. In addition, one Pharmacology course is not enough to cover all pharmacology learning outcomes in terms of diversity, depth and breadth. Consequently, the aim of the this report is to present our personal experience and view on modifying the structure of the pharmacology educational experience for dental students as a result of the early introduction of a pharmacology course into the preprofessional curriculum. This led to major modifications, followed by optimization and finalized by a proposed comprehensive alignment of learning outcomes, course delivery, assessment and implementation of the pharmacology courses in a logical sequence and flow. Consequently, the pharmacology courses in the professional years, were designed to be relevant with longitudinal implementation throughout the first three years of professional phase of the D.M,D. program curriculum at the College of Dentistry at KSAU-HS.
Methodology
This study did not involve any human subjects, so IRB approval was not sought.
Multiple methods were applied in this study as follows: First, need assessment for pharmacology education in the program. Second, Comprehensive review of the courses. Third, comprehensive alignment of different components and learning outcomes within the courses with the program learning outcomes. Fourth, student and instructor evaluation and feedback for the course implementation.
Need assessment of pharmacology in dental education
The need assessment was conducted through qualitative interview with key stakeholders in both colleges of Dentistry and Pharmacy. The structured interview included the following inquiries: 1) what are the relevant program learning outcomes; 2)what is the pharmacology knowledge required by dental practitioners; 3) what are the relevant methods of instructions in their opinions; 4) what are the relevant assessment methods; 5) what the current problems and challenges facing the teaching of pharmacology in the College. Results of this interview included the identification of the relevant course learning outcomes, main topics, teaching methods and strategies and suitable assessment methods.
Curricular review
A curricular review of the current pharmacology courses in the College of Dentistry pre-professional and professional phases was conducted by experienced pharmacologists and clinical pharmacists in the College of Pharmacy as well as senior academic staff from the College of Dentistry, at King Saud bin Abdulaziz University for Health Sciences, Riyadh (KSAU-HS), Saudi Arabia. Final configuration of the Professional Pharmacology courses in the dental program offered by the College of Dentistry at KSAU-HS took into consideration the breadth and depth of coverage of topics in the Pre-Dental Pharmacology course (PDNT 213), which is offered in the second semester of the second pre-professional year.
Pharmacology I (PHRM 311)
In the beginning, a preliminary draft of the course book for Pharmacology I (PHRM 311), the first of pharmacology courses in the Dental Professional Program was provided by the College of Dentistry Curriculum Committee based on lecture titles obtained from curriculum of the University of Maryland School of Dentistry (UMSOD). This course was originally designed as a 1 credit-hour course, which is offered in the second semester of the first professional year in the dental program. This course involves four main themes: basic concepts of pharmacology, pharmacokineticpharmacodynamic drugs' profile, anti-infective agents and drugs affecting autonomic nervous system. The course included 15 lectures and 9 independent selfdirected learning sessions (E-lessons) and it was agreed that it would be delivered without any topic modifications. Nevertheless, the general learning outcomes of the course and specific learning outcomes of each of the lectures were developed by the pharmacology faculty at the College of Pharmacy leading to the preparation of the first complete course book for this course.
Pharmacology II (PHRM 412)
Pharmacology II is a 2 credit-hour course (30 lectures) that is offered in the second semester of the second professional year of the dental program as an extension of pharmacology I. Like Pharmacology I, a preliminary draft of the course book for Pharmacology II (PHRM 412) was provided by the College of Dentistry Curriculum Committee based on lecture titles obtained from UMSOD curriculum.
After delivering Pharmacology I (PHRM 311) for the first time, a letter with recommendations was submitted to the College of Dentistry Curriculum Committee for the modifying Pharmacology I and for, the yet to be delivered, Pharmacology II (PHRM 412). After approval by the curriculum committee, both Pharmacology I and II course books were modified. Addition, deletion and Table 1 Basic pre-dental pharmacology (PDNT 213) syllabus.
Themes/topics
Contact hours 
Drugs Used in Peptic Ulcer
Theme VI: Endocrine System 2 1.Anti-Diabetic Agents In addition to 8 contacts hours of interactive case-discussion sessions expansion of certain topics, in addition to swapping topics between the two courses were suggested. Then, the general learning outcomes for the courses were optimized for Pharmacology I and developed for Pharmacology II, and specific learning out comes for the new lecturers were developed leading to the generation of modified course books for Pharmacology I and II).
Soon after that, the College of Dentistry undertook a curriculum revision that lead to a change in the credit hours of Pharmacology I to become 2 hours instead of 1. This lead to the transfer of certain topics from Pharmacology II to Pharmacology I and to the addition of new topics to Pharmacology II. Consequently, the topic coverage of the courses received a final and comprehensive round of review. This review included a rigorous alignment of topics between the two courses leading to the development of optimized course books after removing redundancies, grouping topics in themes and balancing topic coverage. This was performed taking into consideration students and pharmacology course coordinators comments and the opinions of other content experts.
Pharmacotherapeutics (PHRM 513)
This is a 1 credit hour course taught in the first semester of the third professional year of dental program. Initially, 15 topics were selected out of 45 topics suggested by the College of Dentistry curriculum committee. Topic selection was based on a pre-set criteria, which was concerned with the importance of the topic, the scope of the topic within dentistry discipline and, to a lesser extent, whether the topic is covered in earlier courses or not. After receiving the approval for the selected 15 topic by the College of Dentistry Curriculum Committee, the general learning outcomes of the course and the specific learning outcomes of the lectures were developed and documented in the course book.
After delivering the course for the first time another round of review for this course was performed to put more emphasis on the therapeutic applications of drugs used in dental clinical practice. After consulting with clinical dental content experts, some topics were suggested to be deleted or modified and others were added or emphasized to afford a new course book with general course learning outcomes and specific lecture learning outcomes.
Results
Pharmacology I (PHRM 311), the first professional pharmacology course
During the academic year 2012/2013, the pharmacologist at the College of Pharmacy, were invited by the College of Dentistry administration to conduct this course. Therefore, the first task was to define intended learning outcomes of the course and lectures based on the primary purpose of the course, its content and the expected competencies of the professional dental students. Accordingly, general course learning outcomes were developed and the outcomes for each lecture were specified. After the successful delivery of this course for the first time without any changes to the suggested topics a request for modifying this course and proactively modify the consecutive course, Pharmacology II, (PHRM 412), was approved by the COD Curriculum Committee leading to modified course books with appropriate learning outcomes for the course and lectures. Table 2 details the approved changes for Pharmacology I (PHRM 311). The learning outcomes for the courses and lectures were developed by experienced pharmacologists who have been teaching such topics for a number of years and who attended specialized workshops in development of intended learning outcomes offered by the College of Pharmacy and delivered by specialists in medical education.
Pharmacology II (PHRM 412), the second professional pharmacology course
The request to modify Pharmacology I and II lead to swapping of some topics between the two courses and some topics were added and others were deleted. For example, lectures covering the adrenergic drugs were moved from Pharmacology II to Pharmacology I and were placed after the cholinergic drugs lectures. Consequently the first modified iteration of this course consisted of six main themes: drugs acting on the immune system, endocrine pharmacology, drug affecting the central nervous system, anesthesia and drugs used in cardiovascular diseases. Table 3 details the original content and the implemented changes in Pharmacology II (PHRM 412). Furthermore, this course included a concise instruction for the use of Lexicomp online drug database, which is an excellent resource for drug doses, mechanisms of action, drug interactions and adverse effects and serves as a handy reference to help dentists to make safe and fast decisions.
Curriculum/courses mapping/alignment
After delivering Pharmacology I and II for at least two consecutive years, a curriculum review by the College of Dentistry expanded Pharmacology I to 2 credit hours and infused topics related to drug abuse and chemical dependency into pharmacology II, a careful review and topic alignment was performed and changes to these two courses has been suggested. These changes are detailed in Table 4 : -Theme IV: Anesthetic drugs were moved from Pharmacology II to Pharmacology I. -Theme V: Antimicrobial agents used in dentistry were expanded to include 'Antifungal' and 'Antiprotozoal' in addition to 'Antibacterial and Antiviral agents' -A matrix aligning learning outcomes, teaching strategies/methods and assessment is shown in Table 5 .
Pharmacology II (PHRM 412)
-'Prescription Writing' was moved to Pharmacology II from Pharmacology I. -Theme III: Endocrine Pharmacology Drugs were expanded to include 'Antidiabetic drugs'. -Theme IV: Antineoplastic drugs were moved from Pharmacotherapeutics (PHRM 513) to Pharmacology II. Independent reading (E-lessons), of topics which are not fully covered during lectures 9 a History of Drug Development, and New Drugs lecture was deleted because of its irrelevance to dental students. b "Drug Molecules, and Dose Forms" was renamed as "Drug Dosage Forms and Routes of administration". c Antiviral agents: emphasizing on the treatment of Herpes viruses (known for causing mouth infections) rather than on HIV only. In addition to cover a wide range of other antiviral drugs for treatment of cold sores, genital herpes, influenza, chicken pox and hepatitis. d Adrenergic drugs lectures were carried from Pharmacology II. e Drug abuse topic was moved to Pharm I. Table 6 .
Pharmacotherapeutics (PHRM 513), the conclusion of the professional pharmacology courses
In its first iteration, these topics covered in this curse included pain management, antibiotics uses in the prophylactic and management of odontogenic infections and local anesthetics, in addition to topics which were not covered in preceding pharmacology courses, in particular hematopoietic agents and endocrine and antineoplastic drugs. After delivering the course for the first time, this course was heavily reviewed to emphasize its clinical nature by discussion the therapeutic applications of drugs used in dental clinical practice. Accordingly, an optimized set of 15 topics was selected that were included into three themes: pain management, anti-infective agents used in dental infections and Drugs aid in prosthodontic treatment. Table 7 details the previous course syllabus for Pharmacotherapeutics (PHRM 513) and the suggested theme-orientated topics. A matrix aligning learning outcomes, teaching strategies/methods and assessment is shown in Table 8 .
Discussion
The initial step in the design and development of any course is to gather information, analyze it and make a number of decisions about what the students should learn and the way the course should be delivered. Furthermore, the continuous review of courses is crucial to improve their implementation, maintain high standards and assure teaching quality. 9 A number of initiatives have been carried out to improve the delivery of pharmacology curriculum in dentistry programs. [10] [11] [12] Such initiatives involve the use of a variety of different teaching methodologies, such as lectures, tutorials, problem-based learning (PBL) sessions and online delivery were employed. 13, 14 With regard to the latter, Gadbury-Amyot and Brockman reported that although the majority of students were positive about the online delivery of pharmacology courses, they were missing the direct interaction with the course instructor, hence, it was determined that dental students should be provided with more face-to-face interaction the next time the course is offered. 13 In KSAU-HS, we have mainly employed a lecture-based course approach both in the pre-professional and the professional pharmacology courses. However, Pharmacology I and II included in addition to lectures, some self-directed learning (Elessons) as extra sessions.
King Saud Bin Abdulaziz University for Health Sciences (KSAU-HS), is committed to high quality learning process in all its health sciences colleges (medicine, dentistry, pharmacy, nursing and applied medical sciences) and pharmacology is no exception and is given its due attention. KSAU-HS have chosen an educational system in which student should complete a two-year pre-professional program before starting the professional years at their respective colleges. Many education researchers have found that student learning gains are related to a solid academic background and quality preparation prior to entry into the professional years. 15 Moreover, undergraduate dental students should demonstrate high competency in pharmacology relevant to drugs used in dental clinical practice. 14 As a part of KSAU-HS strategy to achieve such outcome, it was decided to introduce students to pharmacology early-on in their study, i.e. in their preprofessional years, by offering a three credit-hour introductory course in pharmacology (PDNT 213).
Most of the topics discussed in this course will be covered in more details in the pharmacology courses during the dental professional years. By design, this is a general course that introduces students to the fundamentals of pharmacology and exposes them to the concept of rational and safe drug therapy without any particular emphasis on dental practice. It consists of six main themes: a preface to pharmacology concepts in Table 5 Alignment of learning outcomes, teaching strategies/methods and assessment for Pharmacology 1 (PHRM 311).
Course learning outcomes Course teaching strategies
Course assessment methods Table 6 Alignment of learning outcomes, teaching strategies/methods and assessment for Pharmacology 2 (PHRM 412). Finally, it must be noted that the pre-dental pharmacology course was already implemented before the development of the professional dental curriculum. This meant that there is no before and after data to evaluate the effectiveness of the implementation of the preprofessional pharmacology.
In the professional curriculum, Pharmacology I and II, have received two rounds of modifications, the first was proposed, approved and implemented and the second is proposed and approved and will be implemented starting with the next academic year. The first round of modification was performed to allow the delivery of related topics in thematic approach. For example, lectures covering the adrenergic and cholinergic drugs were combined in one course to allow the delivery of the autonomic nervous system as a complete unit. Furthermore, some topics were added, others were deleted to keep clear alignment, remove redundancies and optimize the coverage of the pharmacology topics. During the design of the lecture content of Pharmacology I and II, the depth and breadth of coverage of the topics that were covered in the Basic Pre-Dental Pharmacology was taken into consideration. As for the second round of modification, a more comprehensive approach was implements as a result of the gained experience of the instructors, feedback from stakeholders, content expert review and a curriculum review by the College of Dentistry. In this context, and with regard to Pharmacology I, the deletion of 'Pharmacokinetics-Pharmacodynamics' and 'Drug Dosage Forms and Routes of administration' was decided because these topics are extensively covered in the pre-dental Pharmacology (PDNT 213). On the other hand 'Adverse Drug Reaction' and 'Drug Toxicity' were added to emphasize their importance, while the addition of the 'Neuromuscular Blockers' completed the coverage of the drugs acting on autonomic nervous system. In addition, due to the addition of an extra credit hour to the course, topics such as drugs acting on cardiovascular and respiratory systems were moved to Pharmacology I to follow the Autonomic Nervous System Drugs in an intuitive sequence as many of the drugs that act on cardiovascular and respiratory systems are adrenergic agents. Finally, the entire anti-infective agents were collected in Pharmacology I to be covered as one theme. With Table 7 Syllabus of pharmacotherapeutics (PHRM 513).
Original plan Suggested plan
Themes/topics Contact hours Themes/topics Contact hours regard to Pharmacology 2 (PHRM 412), in addition its remaining topics, 'Prescription Writing' was moved to it from Pharmacology I as it requires higher academic level where more clinical topics are covered. The 'Antidiabetic drugs' were re-introduced because of its importance and because it is not adequately covered in the Pre-Dental Pharmacology. Finally, topics related to "Drug abuse and chemical dependency" provide dental students with sufficient knowledge about drugs and substances of abuse. This theme also highlights the laws and regulations pertaining to drug and substance abuse together with their enforcement by Saudi Arabia Drug Enforcement Administration. Furthermore, these topics teach dental students how to deal with addict patients and health care providers in dental practice and how to help them by referring them to specialized organizations. With regard to Pharmacotherapeutics (PHRM 513), initial topics selection was based primarily on identifying subjects of greater importance to the dental practice which was the rationale for including pain management medication and local anesthetics. But the inclusion of antineoplastic drugs was due to the fact that they were not covered in any of the previous three courses. This angle was changed in the final iteration of the course. As the name of the course implied, it should focus on the clinical application of medications rather their pure pharmacology and accordingly, antineoplastic drugs were moved to Pharmacology II. To choose the rest of the topics, the team consulted with content experts who provided a comprehensive outlook of the dental curriculum and three criteria for selection were developed: 1) how important is the topic to clinical practice, 2) what is the scope of the topic within the discipline and 3) is the topic sufficiently discussed in other courses in the dental curriculum. Accordingly, and based on the first two criteria, an extended clinical coverage was given to topics in the following three themes: pain management, anti-infective used in dental infections and Drugs aid in prosthodontic treatment. While topics related to anesthesia and endocrine system were dropped based on the third criteria.
As it was mentioned earlier, KSAU-HS pre-professional program is one of very few that offers an introductory course in pharmacology. This initiative is aimed at exposing students to general knowledge and basic concepts in pharmacology prior to their entry into their professional dental program. As instructors, we found that the implementation of the basic pharmacology allowed for seamless delivery of the professional courses to students. This longitudinal delivery of the pharmacology courses over four consecutive years was well received by dental students as evident from student feedback. It is worth mentioning that colleges at KSAU-HS collect feedback through surveys that are filled by students and course coordinators. These surveys are analyzed and their results are communicated back to various stakeholder. That said, the dental professional program serves relatively small number of students as it is still in its third year, which means that statistically significant conclusions cannot be drawn. This report outlines the curriculum design rather than proving its Table 8 Alignment of learning outcomes, teaching strategies/methods and assessment for pharmacotherapeutics (PHRM 513).
Course learning outcomes
Course teaching strategies Course assessment methods 1 Recognize oral pain and list of drugs used for treatment of oral pain. Lectures MCQs 2 Define spectrum activity of antimicrobial drugs.
Lectures MCQs 3 List the mechanism of action, mechanism of resistance and major therapeutic and prophylactics uses of the antimicrobial class and subclass. Lectures MCQs effectiveness. Furthermore, this report does not offer a clear recommendation to 4-year dental programs that accepts students with previous B.Sc. degrees or with "pre-professional" courses obtained in other programs.
Lectures

Conclusions
The preliminary impression of applying a longitudinal approach in pharmacology education in the dental curriculum, which included an early exposure to pharmacology in the pre-professional program, seems to be vastly positive. This approach can be suggested to Colleges of Dentistry that lack adequate coverage or suffer from condensed one-semester pharmacology courses. However, we believe that there is a substantial room for improvement in pharmacology education such as integration into other related courses and expansion of therapeutics to improve the students' clinical knowledge and practice.
